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(54) Anode mounting arrangement for a fluorine cell 

(57) An anode mounting arrangement within an 
anode compartment of a fluorine cell is described, the 
arrangement conrprising an arKxje portion having flexi- 
ble hanger means connected thereto, said flexible 
hanger means being connected to a wail of said anode 
compartment so as to allow movement between said 
anode and the walls of said anode compartment; srvi 
electrically insulating guide members interposed 
between said anode and said walls. 
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Description 

[0001 ] The present invention relates to a fluorine cell 
and particularly, though not exclusively, to an on- 
dennand type of fluorine cell for the production of fluo- 
rine gas. 

[0002] Electrochemical cells for the production of flu- 
orine are known in the art. Many large-scale fluorine 
producing cells and employing currents in the region of 
1000 amps and above are operated substantially con- 
tinuously or at least have the hydrogen fluoride electro- 
lyte maintained in a permanently molten condition to 
prevent damage to the electrodes on freezing. Such flu- 
orine producing plants are used for supplying fluorine to 
large-scale production processes which are normally 
operated continuously and where the fluorine produc- 
tion rate can be accurately matched to the demand. 
[0003] A particular problem arises when small-scale 
production cells are contemplated using production cur- 
rents of less than about 1000 amps and where the fluo- 
rine demand is intermittent and/or cannot be accurately 
predicted. Such users frequently require fluorine at 
Irregular intervals and in relatively small quantities. 
Examples of such use may be research environments 
such as in Universities or in industrial research laborato- 
ries. If the cell is shut down after each use, lengthy start- 
up procedures are usually required to generate fluorine 
again which gives rise to inconvenience and ineffi- 
ciency 

[0004] Frequently, cortventional small-scale fluorine 
cells are simply left running between uses so as to 
ensure a prompt fluorine supply An on-line lute pot or 
seal pot sometimes being employed. Thus, fluorine and 
consequently hydrogen fluoride electrolyte is wasted 
due to the necessity of blowing-off fluorine. 
[0005] Conventional fluorine cells tend to be either 
troublesome or wasteful, due to the difficulties in match- 
ing fluorine output to need. If the cell is set below the flu- 
orine needs of the process, insufficient fluorine is 
produced, and if the output is set above the process 
requirement, fluorine is wasted due to blow-off. Due to 
these difficulties many users opt for their supply of fluo- 
rine in pressurised cylinders. 

[0006] Another problem which arises with known cells 
is in the construction of their anodes which are generally 
made from hard carbon which is attached to an anode 
hanger by means of copper pressure plates which 
sandwich the carbon therebetween by means of bolts. 
This method had been found to be unreliable due to cor- 
rosion products degrading the electrical contact 
between the carbon anode and copper pressure plates. 
[0007] A further problem which arises is that generally 
known as stud-fires and stud-leaks. Known cells have 
their anode hangers passing through the cell lid and 
insulated therefrom by plastics material seals. A consid- 
erable amount of heat can be generated during opera- 
tion of a fluorine cell due to the passage of electrical 
current and the resultant resistance heating. This prob- 


lem can also be exacerbated by the above noted prob- 
lem of poor electrical contact between the anode and 
anode connector or hanger. Such heating greatly 
increases the chances of a runaway reaction between 

5 the seal material, often a fluoroelastomer rubber, and 
the generated fluorine, thus causing a fluorine leak. In 
extreme cases, the seal and the metal of the electrical 
connection stud actually burn in the stream of fluorine 
gas producing a stud-fire. 

10 [0008] A yet further prot>lem with known fluorine cells 
is that of ensuring accurate vertical alignment of the 
anode within the anode compartment so as to guaran- 
tee even separation of anode and cathode and, in the 
extreme case, that no electrical contact whatsoever is 

15 made with the surrounding cell walls which may consti- 
tute the cell cathode. A consequential problem of the 
inaccuracy of anode mounting with known cells is that 
fluorine bubbles sometimes find their way into the 
hydrogen side of the cell and results in a violent reaction 

20 during recombination of the fluorine and hydrogen. 
[0009] GB 1 561 2 1 2 describes a hydrogen generating 
cell by the electrolysis of water, the generation of hydro- 
gen being controlled merely by the pressure thereof 
depressing the water level below the level of the cath- 

25 odes so as 10 terminate electrolysis. This is not practk^a- 
ble with a fluorine cell due to the very low conductivity of 
the electrolyte giving rise to very high resistance 
between anode and cathode exacert)ated by excessive 
path length. 

30 [001 0] EP-01 50 285 A1 describes a fluorine generat- 
ing cell but is constructed for continuous supply of fluo- 
rine. 

[001 1 ] It is an object of the present invention to pro- 
duce an on-demand fluorine cell which overcomes the 
35 atx>ve specified problems of waste and/or inconven- 
ience of use. 

[001 2] It is a further object of tiie present invention to 
provide an anode construction which is more reliable 
than known constructions. 

40 [0013] It is a yet further object is to provide an 
improved means of securing the anode within tiie cell. 
[001 4] It is yet another object of the present invention 
to provide a cell construction such that the stud-leaks 
and stud-fires are obviated. 

45 [0015] According to a first aspect of the present inven- 
tion there is provided a fluorine cell for the production of 
fluorine, the fluorine cell comprising: a cell container 
having a catiiode compartment and an anode compart- 
ment, the anode compartment having an anode tiierein. 

50 the cathode compartment and the anode compartment 
having separation means therebetween so as to sepa- 
rate fluorine gas and hydrogen gas generated during 
operation of said fluorine cell txjt said separation means 
allowing passage of electrolyte between said compart- 

55 ments; said anode extending below a lower end of tiie 
separation means and being continuously in contact 
witii tiie electrolyte; control sensor means in at least one 
of said compartments to sense the level of electrolyte in 
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said at least one compartment; electric current supply 
means responsive to signals from said control sensor 
means so as to ether start or stop cunrent supply in 
accordance with said signals. 

[0016] In particular, the cell is suited to on-demar%i 5 
production of fluorine gas but may also be used to gen- 
erate other gases by changing the electrolyte. For 
example, nitrogen trU luoride can be generated by using 
an ammonium fluoride based electrolyte. Therefore, any 
reference to fluorine in this specification is to be taken 
as a ref^ence to other appropriate gases which may 
also be generated by changing the electrolyte. 
[001 7] The separation means may be a skirt member 
which extends below the surface of the electrolyte within 
the cell such that there are produced two separate com- 
partments; an anode compartment and a cathode co^^^ 
partment; above the electrolyte surface. The 
compartments are capable of withstanding significant 
hydrogen or fluorine gas pressure: The compartments 
above the electrolyte surface may be sealed and have 
means communicating therewith to allow either fluorine 
or hydrogen as desired to be vented or extracted for 
whatever purpose. Such means many comprise con- 
duits and valves for example. 
[0018] The cell container may have heating means so 
as to be al:^e to heat the electrolyte therein to render it 
molten. Such heating means may comprise electrical 
resistance heating or steam, for exanple. 
[0019] The cathode may be provided by virtue of the 
cell container per se or may be separately provided 
within sakJ cell container. 

[0020] The control sensor means may comprise at 
least one senses so as to control a device which con- 
trols electrolysis, ie a device which controls the supply 
of electric current to the electrolyte. The sensor means 
may comprise a probe which extends into the anode 
compartment, for example, and produces a signal in 
response to the level of the electrolyte surface. The 
probe can be of any suitable form and may be selected 
from those that depend on electrical continuity or con- 
tact, capacitance or on optical transducer means to 
read the electrolyte level in the anode compartment. 
[0021 ] The anode compartment has an anode therein, 
at least the lower end of which extends below the lowest 
extremity of the separation means and is thus, continu- 
ously at least partially immersed in the electrolyte. The 
anode extends below the lower extremity of the separa- 
tion means so as to provide minimum path length 
between anode and cathode. 
[0022] As fluorine is produced in the anode compart- 
ment and is lead away for use, the electrolyte level may 
remain substantially constant. However, if the extraction 
of fluorine from the cell is stopped, the generation 
thereof continues and the pressure of fluorine in the cell 
anode compartment increases with the result that the 
level of the electrolyte surface in the anode compart- 
ment is depressed. This continues until a point at which 
the sensor means is preset to produce a signal, in 


response to which the electrolysis controlling device 
stops the supply of cun-ent to the cell, and electrolysis is 
stopped and the fall in surface level of the electrolyte 
also stops. When fluorine withdrawal from the anode 
compartment is again initiated for whatever reason, the 
electrolyte level in the anode compartment begins to 
rise as the fluorine pressure in the anode compartment 
falls. The sensor means then detects the rising surface 
level and electrolysis is again started In response to the 
signal from the sensor means to the electrolysis control- 
ling device. At no time is the anode removed from con- 
tact with the electrolyte due to the depressed surface 
level thereof. 

[0023] Thus, a particular advantage of the present 
invention is that the anode conipartment may provide a 
fluorine resen^oir and that the rate of.fluorine production 
may be set somewhat above that actually required since 
the supply will automatically turn itself on and off in 
response to signals from the sensor means in response 
to rising and falling electrolyte surface level. In prior art 
cells, the fluorine production rate had to be accurately 
controlled by precise current level control or the c^l 
would over- or under-produce depending upon the rate 
of fluorine extraction from the cell. The cell of the 
present invention is substantially seK-regutating and 
does not waste fluorine or hydrogen fluoride by unnec- 
essary blowing-off. 

[0024] The sensor means also provides a fail-safe 
protection for the cell. If the fluorine pressure should 
inadvertently rise due to a downstream t)lockage, for 
example, the sensor will cut off the current supply and 
thus stop electrolysis. With conventional cells, in 
extreme cases, it has been known for fluorine and 
hydrogen gas to react within the cell due to one or the 
other bubbling into the other compartment. Such occur- 
rences are extremely dangerous arKi the fail-safe nature 
of the cell of the present invention is a particular advan- 
tage. 

[0025] Another particular advantage of the fluorine 
cell of the present is its ability to produce fluorine at a 
desired pressure. This is due to the fact that the fluorine 
gas pressure in the anode compartment results from 
the height difference between the electrolyte in the 
anode compartment and in the cathode compartment. 
Preferably, the hydrogen, or cathode, c^partment may 
always be operated at atmospheric pressure (or slightly 
above) for safety reasons. Therefa-e, tfie maximum flu- 
orine gas pressure for a given cell construction may be 
controlled by the position at which the sensor means is 
preset to read the electrolyte surface level, ie the level at 
which electrolysis is automatically shut off. Therefore, 
once the fluorine production rate is set above actual 
plant demand, the fluorine gas will be safely maintained 
at a predetermined pressure. 
[0026] The maximum pressure which may be attained 
will be governed by the depth to which the separation 
member extends into the electrolyte. In one embodi- 
ment of the present Invention, a fluorine cell has been 
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constructed with a skirt member extending 600mm 
below the electrolyte surface giving a fluorine gas pres- 
sure of 1000mm water gauge. Such a cell having fluo- 
rine at elevated pressure has operated safely and 
reliak^ly due to the presence of the level detecting sen- 5 
sors controlling the electrolysis. Operation of the cell at 
raised fluorine pressure without the level detecting sen- 
sors would be hazardous due to the explosive nature of 
the recombination of fluorine and hydrogen. 
[0027] In a preferred embodiment of the present 10 
invention, there may be provided a second sensor 
means to detect a maximum electrolyte surface level in 
the anode compartment. The second sensor means 
may also be used as a fail-safe device in the case 
where, for some reasons, excessive hydrogen pressure is 
is being developed In the cathode compartment and is 
forcing the electrolyte level in the anode compartment to 
rise. Once the second sensor means detects the elec- 
trolyte level at the maximum permitted height within the 
anode compartment, the device controlling electrolysis 20 
will again shut off the current supply In this case hydro- 
gen will cease to be produced and is prevented from 
finding its way into the anode compartment and causing 
a violent reaction with the fluorine gas. 
[0028] , The first and second sensor means may both 2S 
work on the same physical principles or on different 
principles. For example, one sensor may be an electri- 
cal continuity sensor whilst the second sensor may be a 
pressure transducer. 

[0029] The first and second sensor means may be sit- 30 
uated either within the anode compartment or within the 
cathode conpartment so as to read electrolyte surface 
level. It will be appreciated that as the electrolyte level in 
one compartment rises, the level in the other compart- 
ment will fall and vice versa. 35 
[0030] According to a second aspect of the present 
invention there is provided an anode construction for a 
fluorine cell, said anode comprising a carbon anode 
portion, said anode portion having a metallic hanger 
portion attached thereto by fixing means and a coating 40 
of a metal applied to at least the area in the region of the 
junction between said anode portion and said hanger 
portion. 

[0031 ] Preferably, the carbon anode comprises a sub- 
stantially non-porous, low permeability cartwn, for 45 
example carbon grade FE-5 (Trade name) produced by 
the Toyo Tanso Carbon Company, Japan or YBD (Trade 
name) type carbon produced by Union Carbide Corp, 
USA. 

[0032] The hanger portion may be attached to the so 
anode portion by mechanical means such as bolts or 
screws, for example, the anode portion being, for exam- 
ple, tapped to receive a screw thread. 
[0033] The area of the junction between the hanger 
portion and the anode portion is coated with a metal ss 
which may be substantially the same metal as that of 
the hanger portion or may be a different metal. In one 
embodiment of the present invention, the hanger por- 


tion may be made of nickel or a nickel-based alloy ahd 
the coating may also be nickel or a nickel-based alloy. 
However, any metal known in the art to be suitable for 
the purpose may be employed. 
[0034] The coating which is applied to the junction 
between the anode portion and the hanger portion is 
preferably applied by a physical vapour deposition tech- 
nique such as flame- or plasma- spraying, for example. 
Alternatively, the coating may be applied by chemical 
vapour deposition methods. 

[0035] A further treatment may be applied to the 
region of the carbon anode portion which is to receive 
the metal coating. Such treatment may include a sur- 
face treatment such as roughening by mechanically 
abrading or by a suitable chemical etching treatment. 
Alternatively, a pattern of grooves with width and depth 
in the range 0.5-5mm may be used. For example, a 
square grid pattern of grooves i mm wide by 3mm deep 
on a pitch of 3mm is machined into a suitable cart)on 
block. This provides a good key for the next stage of the 
process. The treated area may then be treated as by the 
application of an intermediate coating such as pitch, for 
example, which may be applied by techniques such as 
dipping, brushing or spraying. Such intermediate coat- 
ings may be heat treated so as to drive off volatile con- 
stituents or to chemically affect the coating such as by 
heating under a reducing atmosphere, for example. 
[0036] It has be^ found that anodes produced 
according to the second aspect of the present invention 
give improved electrical contact and are not susceptible 
to electrical degradation due to corrosion products pro- 
duced between the carbon and the metal hanger. 
[0037] According to a tiiird aspect of tiie present 
invention tiiere is provided an anode mounting arrange- 
ment witiiin an anode compartment of a fluorine cell, the 
arrangement comprising an anode portion having flexi- 
ble hanger means connected thereto, said flexible 
hanger means being connected to a wall of said anode 
compartment so as to allow movement between said 
anode and tiie walls of said anode compartment and 
electrically insulating guide members interposed 
between said anode and said wails. 
[0038] According to a feature of tiie tiiird aspect of the 
present invention, the flexible hanger means may be 
connected to an inner sur^ce of the anode compart- 
ment by a method such as. for example, welding 
whereby no tiirough-hole is produced in tiie wall of tiie 
anode compartment, an electrical connection stud 
being connected by suitable means such as, for exam- 
ple, welding on tiie anode conpartment outer surface. 
This arrangement obviates the occun-ence of stud-leaks 
and stud-fires since tiiere is no need to provide sealing 
means at this point and neither is tiiere a hole tiirough 
which fluorine can leak at tiie anode attachment point 
[0039] The flexible anode hanger may comprise a 
metal rod such as a mild steel material. However, any 
other suitable metal may be used. The term llexibje" is 
used to denote tiie ability of tiie anode to deflect so as 


4 


7 EP0 9 

to be able to accommodate any movement or dimen- 
sional inaccuracies between the cartx)n portion and the 
insulating guide meml:)ers. 

[0040] The electrically insulating guide members may 
preferably comprise wholly or partially fluoro-plastics 
materials, for example, such that the anode with the 
flexible hanger member becomes self aligning within the 
anode compartment of the fluorine cell. Alternatively, 
ceramic materials such as aitmina for example may be 
errployed, provided that such ceramic guides are posi- 
tioned such that they do not become wetted by the liquid 
electrolyte. 

[0041] Such gukle members may be attached to the 
wall or wails of the anode compartment. Alternatively, 
the guide members n^y be attached to the anode mem- 
ber itself, to cathode plates or to the base of the cell. 
The best position may be dependant upon the internal 
geometry of each particular cell. 
[0042] The anode-compartment may be rectangular in 
cross section, in which case the guide members may be 
attached preferaNy, to each wall. The anode compart- 
ment may alternatively be substantially circular in cross 
section, in which case, the guide member may be either 
circular or may comprise two or more arc-shaped seg- 
ments. 

[0043] Guide menders may be situated at one axial 
position and be of relatively long axial length or may be 
placed at two axial levels and be. for example, relatively 
shorter in axial length. 

[0044] The guide members have been found to main- 
tain electrical insulation between the anode and anode 
compartment wall. A particular advantage of the mount- 
ing structure of the present invention is that it has been 
four^l possible to allow the electrolyte to freeze without 
damage being caused to the anode by contraction 
effects. The flexible hanger means allows some move- 
ment of the anode relative to the anode compartment 
walls such that shrinkage of the electrolyte during freez- 
ing may be automatically compensated; and, the insula- 
tion members prevent any possible contact between the 
anode itself and the anode compartment walls. 
[0045] In order that the present invention may be more 
fully understood, examples will now be described by 
way of illustration only with reference to the accompany- 
ing drawings, of which: 

Figure 1 shows a cross section through a sche- 
matic diagram of a fluorine cell according to the 
present invention; 

Figure 2 shows a schematic view of an anode 
according to the present invention; 

Figure 3 shows a cross section through the anode 
compartment of Figure 1 along the line 3-3; 

Rgure 4 shows a cross section through the anode 
of Figure 3 along the line 4-4; and 
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Rgures 5A to 5D which shows schematically the 
working of the fluorine cell of Figure 1 under differ- 
ent conditions. 

5 [0046] Refenring now to the drawings and where the 
same features are denoted by common reference 
numerals. 

[0047] In Figure 1 a cross section through a schematic 
diagram of a fluorine cell according to the present inven- 
ts tion is shown generally at 10. The cell comprises a cell 
container 12 of mild ste^ construction, the cell con- 
tainer being cathodic. The cell container is provided with 
an electrical resistance heating jacket 14 for melting the 
electrolyte 16 within the cell. To the top of the cell con- 

15 tainer is fixed a sealing plate 1 8 which is insulated from 
the cathodic cell container by an insulating and sealing 
member 20: An electrically neutral skirt rhember 22 
made of, in this case. Monel (Trade mark) metal 
depends from the plate 18 and also extends upwardly 

20 therefrom to a flange memba^ 24. A sealing lid member 
26 is fixed to the flange 24 but is insulated therefrom by 
a sealing and insulating member 28. the lid 26 being 
anodic. The skirt member 22 extends downwardly and 
has its end 30 immersed in the electrolyte 16 so as to 

25 form two distinct chambers above the level 32 of the 
electrolyte; a cathode compartment or hydrogen cham- 
ber 34 arKi an anode conpartment or fluorine gas 
chamber 36 which are separated from each other by the 
skirt member 22 and the electrolyte surface 32. Within 

30 the anode compartment 36 is an anode, shown gener- 
ally at 40. and suspended from the sealing lid 26 by a 
flexit)le anode hanger 42 in the form of a mild steel rod 
which is welded 44 to the underside of the lid 26 (the 
construction of the anode 40 will be dealt with below in 

35 more detail with reference to Figure 2). The anode 
extoids below the end 30 of the skirt member 22. 
Attached to the wall on the anode conrpartment 36 side 
of the skirt 22 are anode guide blocks 46 of fluoro-plas- 
tics material which maintain ttie anode 40 ^t)stantially 

40 central within the anode conrpartment 36 and prevent 
contact of the anode 40 with the skirt 22. On the outer 
surface of the lid member is welded 48 an anode con- 
nector stud 50, thus, there Is no through-l^le provided 
in the lid member 26. In the upper portion of the fluorine 

45 chamber 36 is an outlet conduit 52 having a valve 54. 
Similarly, in the upper portion of the cathode compart- 
ment is a conduit 56 having a valve 58. Continuity sen- 
sor probes 60, 62 are provided to detect minimum and 
maximum heights of the electrolyte level 32, respec- 

50 tively. The probes are connected to a device 66 whic^ 
starts and stops electrolysis in response to signals from 
the probes by providing a power supply indicated at 68. 
70 to the anode and cathode of the cell. 
[0048] A PTFE base layer 72. is fixed to the Inner floor 

55 of the ceil container 12 to prevent the generation of 
hydrogen gas beneath the anode compartment 36. 
[0049] Referring now specifically to Figure 2 and 
where the electrode assembly is again denoted gener* 


5 


9 


EP0 965 661 A2 


10 


ally at 40. The main anode body 80 comprises hard car- 
bon in the form of a generally rectangular flat plate. The 
upper portion 82 of the anode body 80 is roughened by 
abrasion such as grit-blasting, for example. The rough- 
ened portion 82 is coated with pitch, in this case by dip- 
ping, but may be by brushing or spraying, and is allowed 
to cure/dry for 12 hours. The coated anode is then 
heated at 5-1 0°C/minute up to 500 to 650**C in a reduc- 
ing atmosphere for 2 to 3 hours, followed by furnace 
cooling to ambient temperature. The cooled anode is 
then drilled and tapped and screwed 84 to a nickel 
hanger block 86 which has a flexible mild steel anode 
hanger rod 42 attached thereto. The coated upper por- 
tion 82 of the anode, the hanger block 86 and the lower 
portion of the flexible hanger rod 42 are then sprayed 
with a nickel coating 88 (the extend indicated by the line 
90) by, for exanrple, plasma-spraying. This method of 
anode preparation has been found to give excellent 
electrical contact, and is not susceptible to the corrosion 
problems of known anode constructions. 
[0050] In alternative anode constructions, the pitch 
was replaced with either Union Carbide UCAR (Trade 
mark) grade 34 graphite cement or a mixture of UCAR 
(Trade mark) graphite cement and crushed isotropic 
(non-graphitic)* porous cart>on having a density of 1.15 
gcm'^. In both cases the applied material was cured on 
the anode for 4 hours at 100*^C followed by 16 hours at 
130°C. The anodes were then fired in a hydrogen 
atmosphere for 30 minutes at SOO^'C followed by cooling 
to ambient temperature. Subsequent processing was as 
described as above. 

[0051] Referring now to Figure 5A to 5D which show 
the main features of the cell according to the present 
invention and where various operating conditions are 
indicated schematically. The cell provides the ability to 
produce fluorine gas on demand. The device 66 is set at 
a curent level in excess of that anticipated to supply the 
required fluorine gas generation rate. In this condition, 
as shown in Figure 5A the end of the control probe 60 is 
below the surface level 32 of the hydrogen fluoride elec- 
trolyte 16. In this condition, whilst there is continuity of 
contact between the probe and the surface 32, electrol- 
ysis is continued and fluorine gas is drawn off as 
required through the conduit 52 and valve 54. Since the 
rate of withdrawal of fluorine is somewhat less than the 
set rate of production, the level 32 is slowly depressed 
by the fluorine gas pressure building up in the anode 
compartment 36. A point is eventually reached as 
shown in Figure 5B where the level 32 is depressed 
below the end of the probe 60, and since there is no 
longer continuity between the probe and surface 32, the 
signal from the probe 60 to the device 66 causes the tat- 
ter to cease current supply to the electrolysis process 
and fluorine production stops. When fluorine is again 
withdrawn from the valve 54, the pressure in the anode 
compartment begins to fall and the surface level 32 con- 
sequently begins to rise, re-establishing contact 
between the end of the probe 60 and the surface 32, at 


which point the device 66 is signalled to start the cun^ent 
supply again as indicated in Figure 5C. All the time fluo- 
rine is being generated in the anode compartment 36, 
hydrogen is being generated in the cathode compart- 

5 ment 34, the hydrogen being either vented, used or oth- 
envise disposed off through the conduit 56 and valve 58 
in a controlled manner. However, if for some reason the 
hydrogen is not vented or othenvise disposed of. the 
gas pressure in the cathode conrpartment 34 will rise 

10 forcing the level 32 in the anode compartment 36 
upwardly towards the probe 62. At the point where the 
level 32 touches the end of the probe 62, the device 66 
will receive a signal to terminate the current supply so 
as to stop electrolysis as indicated in Figure 5D. Thus, 

75 the probes 60. 62 form fail-safe safety controls against 
.either^ over-production and under-utilisation of either 
gas or as a safety measure against apparatus failures. It 
will be further noted that at no time does the anode 
become uncovered by the electrolyte being always at 

20 least partially immersed therein. 

[0052] The apparatus may be constructed so as to 
produce fluorine at a relatively constant pressure by 
arranging for the depth of skirt penetration into the elec- 
^ trolyte to be at a precise level and for'the height differ- 

25 ence between the electrolyte in the ahode and cathode 
compartments to t>e controlled by the depth setting of 
the probe 60. The cell is then run so that it is producing 
substantially more than the anticipated demand and the 
surface level 32 is effectively running constantly as 

30 shown in Rgure 5B. 

Claims 

1. An anode mounting arangement within an anode 
35 compartment of a fluorine cell, the arrangement 

comprising an anode portion having flexible hanger 
means connected thereto, said flexible hanger 
means being connected to a wall of said anode 
compartment so as to allow movement between 
40 said anode and the walls of said anode compart- 
ment; and electrically insulating guide members 
interposed between said anode and said wails. 

2. An anode mounting arrangement according to 
45 daim 1 wherein the flexible hanger means is con- 
nected to an inner surface of the anode compart- 
ment by a method whereby no through hole is 
produced in the wail of the anode compartment. 

50 3. An anode mounting arrangement according to 
daim 2 wherein the connection method is welding. 

4, An anode mounting arrangement according to any 
one preceding daim from 1 to 3 wherein the electri- 

55 cally insulating guide members comprise fluoro- 
plastics materials. 

5. An anode mounting an^ngement according to any 
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one of preceding claims 1 to 4 wherein the guide 
members are attached to the wall or walls of the 
anode compartment. 

6. A fluorine cell having an anode mounting arrange- 
ment according to any one of preceding claims 1 to 
5. 

7. A fluorine cell for the production of fluorine, the flu- 
orine cell comprising: a cell container having a cath- 
ode compartment and an anode compartment, the 
anode compartment having an anode theran. the 
cathode compartment and the anode compartment 
having separation means therebetween so as to 
separate fluorine gas and hydrogen gas gene.rated 
during operation of said fluorine cell but said sepa- 
ration means allowing passage of electrolyte 
between said conrpartments; said anode extending 
below a tower end of the separation means and 
being continuously in contact with the electrolyte; 
said cell being characterised by control sensor 
means in at least one of said anode or cathode 
compartments to sense the level of electrolyte in 
said at least one corrpartment; electric current sup- 
ply means responsive to signals from sakJ control 
sensor means so as to either start or stop current 
supply in accordance with said signals. 

8. A cell according to claim 7 wherein the separation 
means is a skirt member which extends below the 
surface of the electrolyte within the cell such that 
there are produced two separate compartments; an 
anode conrpartmeit for receiving fluorine and a 
cathode compartment for receiving hydrogen; 
at>ove the electrolyte surface. 

9. A cell according to claim 8 wherein the compart- 
ments above the electrolyte surface are closed and 
have means communicating therewith to allow 
either fluorine or hydrogen as desired to be vented 
or extracted. 

10. A cell according to any one preceding claim from 7 
to 9 further including heating mear^ so as to be 
able to heat the electrolyte to render it molten. 

1 1 . A cell according to any one preceding claim from 7 
to 10 wherein the control sensor means comprise 
at least one sensor so as to control a device which 
controls electrolysis. 

12. A cell according to any one preceding claim from 7 
to 1 1 wherein the sensor means comprises a probe 
which extends into the anode compartment and 
produces a signal in response to the level of the 
electrolyte surface. 

13. A cell according to claim 12 wherein the probe is 


selected from the group comprising el^rical conti- 
nuity probes, electrical contact probes, capacitance 
transducers and optical transducers to read the 
electrolyte level. 

5 

14. A cell according to any one preceding claim from 7 
to 13 wherein it Is arranged to produce fluorine at a 
substantially predetermined pressure by virtue of 
the relationship between sensor setting and height 

10 difference of the electrolyte in the anode compart- 
ment and in the cathode compartment. 

15. A cell according to any one preceding claim from 7 
to 14 wherein there is provided a second sensor 

15 means to detect a maximum electrolyte surface 
level in the anode compartment. 

16. A cell according to claim 7 wherein the sensor 
means are situated " either within the aiibde cortv 

20 partment or within the cathode compartment so as 
to read electrolyte surface level. 

17. An anode for ailuorine cell, said anode comprising 
carf:>on anode portion, said anode portion having a 

25 metallic hanger portion attached thereto by fixing 
means and a coating of a metal applied to at least 
the area in the region of the junction between said 
anode portion and said hanger portion. 

30 1 8. An anode according to claim 1 7 wherein the hanger 
portion is attached to the anode portion by mechan- 
ical means such as bolts or screws. 

19. An anode according to either claim 17 or claim 18 
35 wherein the area of the junction between the 
hanger portion and the anode portion is coated with 
a metal which is substantially the same metal as 
that of the hanger portion. 

40 20. An anode according to any one of preceding claims 
17 to 19 wherein the hanger portion is made of 
nickel or a nickel-based alloy. 

21. An anode according to any one of preceding claims 
45 1 7 to 20 wherein the coating which is applied to the 
junction between the anode portion and the hanger 
portion is applied by a physical vapour deposition 
technique such as flame- or plasma-spraying. 

50 22. An anode accordir^ to any one of preceding claims 
17 to 21 wherein a further treatment is applied to 
the region of the carbon anode portion which is to 
receive the metal coating. 

55 23. A fluorine cell for the production of fluorine accord- 
ing to any one of preceding claims 7 to 1 6 having an 
anode ac(X)rding to any one of preceding claims 1 7 
to 22. 


7 



EP 0965 661 A2 


■F\Er.2 


90 


82 
t 


A 

80 


AO U2s 


TT 
I t 
I I 


I I 
I i 
I I 
I i 


i \ \ 


8A 



— sJl / — 26 


\ 

C6 — 


U2 18 


n 

/ 

/ 

/ 
/ 
/ 


A} 


22 
A6 


AO 


■RG:3 



9 


EP0 965 661 A2 


» IK62 52 


60 



^^^^^ 



I 


51 
32 


SQ nT , 52 



60^ , ^62 52 
Si. 



fl65B 


10 


